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Abstract 
The sensitivity expressions of spatial-resolved diffuse reflectance to first-order parameters are derived in the P3
approximation of transport theory. The influence of first-order scattering parameter and absorption parameter on the 
P3 approximation are analysed, it is demonstrated that the sensitivity of absorption parameter is positive for the whole 
range from the source to the detector, and the slope of it with low absorption is larger than that of high absorption; 
The sensitivity of first-order scattering parameter is negative for close to the source, positive for far from the source, 
zero for about a distance—where the change of first-order scattering parameter influence on reflectance is the 
weakest, the change of reflectance comes from the change of absorption, we can obtain absorption information with 
measuring diffuse reflectance at the distance. The distance of the sensitivity to first-order scattering parameter 
equaling zero is found shortened when a medium has higher scattering coefficient.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
The light transport theory of random media has been used to solve many physical proplems, such as the 
applications of atmospherical optics, remote sensing optics, oceanic biology and biological optics[1-2]. The 
optical properties of random media are described with absorption coefficient aμ , scattering 
coefficient sμ  and scattering phase function ( )θp  in transport theory. In diffusion approximation of 
transport theory, the radiance is only related to aμ and transport scatering coefficient 
'
sμ , ( )gss −= 1' μμ ， g is the first-order Legendre moment of ( )θp , called the anisotropy factor. The 
diffusion approximation is the theoretical foundation for many measuremental techniques, the detectal 
techniques based on it have been applied in medical oximeters[3]、photodynamic therapy[4]or glucose 
monitoring[5]. In these applications, it is need to obtain absorption informations from complicated 
background scattering accurately. Kumar et al [6]and Hanli Liu [7] demonstrated that first-order scattering 
parameter sensitivity based on diffusion approximation is important for determining the optimal 
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source-detector distance to obtain accurate absorption respectively; L.H.V.Wang et al[8] investigated the 
optimal diagnosis and treat distance for tumor buried in biological tissues with Monte Carlo method. 
These studies did not provide the influence of phase functions on accuracy of reconstructed optical 
properties.  
When tissue with higher absorption[9], or detected in vivo[10], it is very necessary for developing 
high-order approximation transport theory considering phase function. E.L.Hull and T.H.Foste[11]
demonstrated that P3 approximation models the radiance in highly absorbing media or close to the source 
with accuracy superior to that of diffusion approximation. In this paper an analysis is presented of the 
sensitiviies of reflectance to first-order parameters in a diffusive medium with P3 approximation, the 
influence range and rule of first-order parameters 'sμ and aμ  are also provided with evidence 
theoretically. This paper provides the important theoretical foundation of spatial-resolved diffuse 
reflectance measurement obtaining absorption and scattering and changing of them.    
2. Sensitivities Of Spatial-Resolved Diffuse Reflectance Of P3 Approximation To First-Order 
Parameters 
Considering an infinite line laser beam incidencing on a semi-infinity uniform medium and solving 
transport equation yields spatial-resolved diffuse reflectance of P3 approximation[11,12]:
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The sensitivity of diffuse reflectance ( )δγρ ,;R to absorption parameter aμ  is defined by the 
formula paS , the unit is length dimension. paS is denoted with the relative quantum of the changing of 
diffuse reflectance with the changing of absorption parameter aμ , indicates the influence of aμ  on  P3
approximation reflectance. The expression paS as following: 
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Where ir of expression iZ  represents 321 ,, rrr ;The combination 1r and +ν to 1isoZ correspondence; The 
combination 1r and −ν to 2isoZ correspondence; The combination 2r and +ν to tranZ correspondence; The 
combination 3r and −ν to asymZ correspondence; ( )−+±′ νν ,C , ( )jlh ν′ and ( )xQl′ are the partial differential 
coefficients of ( ),C ν ν± + − , ( )l jh ν and ( )lQ x  to jν and aμ respectively. 
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+′ν , −′ν , x′ of Exp.(3)-(5)are the partial differential coefficients of ν+ ,ν− , x to aμ .
( ) ( ) ( )⎥⎦⎤⎢⎣⎡ ′−′−±′−±=′ −−± ααα γββγββγββν 221182 1 2
1
22
1
2 ， ( )ijij rvrx ′+′−=′ ν ，           (6) 
Where β ′ and αγ ′ are the partial differential coefficients of β and αγ to aμ ; ir ′ is the partial differential 
coefficients of jr to jν and aμ :
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Where 200 zz −=′ . Combining the aforementioned expressions yields the sensitivities of P3
approximation spatial-resolved diffuse reflectance to absorption variations paS .
The sensitivity of diffuse reflectance ( )δγρ ,;R to first-order scattering parameter is defined by the 
formula ( ) ( ) ',;,;1 sps RRS μδγρδγρ ∂∂⋅−= , the unit is length dimension. psS is denoted with the 
relative quantum of the changing of diffuse reflectance with the changing of first-order scattering 
parameter 'sμ , indicates the influence of 'sμ  on  P3 approximation reflectance. The concrete 
expression psS can refer to literation [13]. 
3. Results And Discussion 
Based on the above analysis, )(ρpaS is the function of optical parameters aμ 、 'sμ 、γ and δ of biological 
tissue. For the convenience of analysis, in the following numerical calculation, we keep the 
parameters 'sμ =1.00mm-1, γ=1.9 and δ=2.71, relative refractive index of tissue 4.1=n  constant, 
aμ =0.01, 0.1, 0.5mm-1respectively; Fig.1 depicts the numerical calculating resluts of sensitivity of 
absorption parameter. Several features are presented in Fig.1: First, )(ρpaS  is positive for the whole 
range from the source to the detector as a whole, and the slope of )(ρpaS  with low absorption is larger 
than that of high absorption; Second, for the same distance from the source, )(ρpaS  increases with the 
decrease of absorption. It is demonstrated that: With the decrease of absorption, the mean free path of 
photon increases, the probability of photon absorbed with biological tissue decreases at the same distance 
from the source, and the diffuse reflectance increases relatively, it is obvious that the variation of 
absorption expressed with diffuse reflectance. With the increase of absorption, the mean free path of 
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photon decreases, the diffuse reflectance decreases relatively at the same distance from the source, it is 
not obvious that the variation of absorption expressed with diffuse reflectance.   
To obtain the information of absorption, how far from the source to detect the diffuse reflectance? 
For this purpose, the next we make a study for the sensitivity of first-order scattering parameter! 
)(ρpsS is also the function of optical parameters aμ 、 'sμ 、γ and δ of biological tissue. For the 
convenience of analysis and comparison, in the following numerical calculation, we keep the 
parameters aμ =0.1mm-1,γ=1.9 and δ=2.71, relative refractive index of tissue 4.1=n  constant, 'sμ =1.00, 
2.00, 3.00mm-1respectively. Fig.2 depicts the numerical calculating resluts of sensitivity of first-order 
scattering parameter, Several features are presented in Fig.2. First, the slope of )(ρpsS  with low 
scattering is larger than that of high scattering. Second, )(ρpsS is negative for close to the source, 
positive for far from the source, zero at a some distance, this means that the reflectance of ρ<3lt (as a 
example us1=1 of Fig.2, 1lt=0.91mm) increases while that of ρ>3lt decreases for increasing 'sμ , and 
balanced at about ρ=3lt, which suggests the high probability of backward-scattering from the surface of 
tissue for ρ<3lt and of forword-scattering from the deep of tissue for ρ>3lt, the change of 'sμ  influence 
on reflectance is the weakest at about ρ=3lt. It means that we can obtain absorption information from 
diffuse reflectance at the distance; Third, with the scattering increase, the distance of )(ρpsS =0 decrease 
and closer to the source. How about )(ρpaS at the distance of )(ρpsS =0? To better present absorption 
changing at the distance of )(ρpsS =0, we keep aμ =0.1mm-1, 'sμ =1.00mm-1,γ=1.9 and δ=2.71, Fig.3 
depicts the numerical calculation results of )(ρpsS  and )(ρpaS , we can see that )(ρpaS is about 8 at 
the distance of )(ρpsS =0, this meas that it is very valuable for obtaining absorption at the distance of 
)(ρpsS =0.    
Fig.1. The sensitivity of P3 approximation spatial-resolved diffuse reflectance to absorption parameter.
Fig.2. The sensitivity of P3 approximation spatial-resolved diffuse reflectance to first-order scattering parameter.
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4. Conclusion 
The sensitivities )(ρpaS and )(ρpsS of P3 approximation are studied here, we conclude that：(1) )(ρpaS  is 
positive for the whole range from the source to the detector, and the slope of )(ρpaS  with low 
absorption is larger than that of high absorption; It is important for obtaining absorption information, 
because of the change of absorption indecating desease of biological tissue; (2)The slope of )(ρpsS is
larger at the region close to the source relatively, it means that )(ρpsS  relate to high-order parameters 
γ andδ , )(ρpsS  can discribe the influence of diffuse reflectance to scattering parameters close to the 
source;(3)At the diatance of )(ρpsS =0, the influence of reflectance to scattering parameter is the 
weakest, the change of reflectance comes from the change of absorption, we can obtain absorption 
information with measuring diffuse reflectance at the distance of )(ρpsS =0. It is very important for 
obtaining information of absorption and changing absorption of biological tissue with measuring 
reflectance in-vivo, and also theoritical valuable for obtaining information of scattering and changing 
scattering of biological tissue.  
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